General Methods. All chemicals and reagents were purchased from the commercial sources.
substrates were immersed into 40 mM TiCl 4 and then kept at 70 °C for 30 min, then washed with deionized water and ethanol subsequently. The doctor-blading technique was used to get TiO 2 (GreatCell Solar) layer the substrates were then placed for a ramp heating (325 °C for 15 min, 375 °C for 15 min, 450 °C for 15 min and 500 °C for 30 min). Then it was allowed to cool down to room temperature. The coated TiO 2 electrodes were soaked for 15 hours in respective dye solutions (0.3 mM) in acetonitrile. Pt paste (GreatCell Solar) over counter electrodes was coated and annealed at 380 °C for 20 min. 25 µm thick surlyn spacer was used to assemble the electrodes and standard / electrolyte was filled through drilled holes and then holes were --3 sealed using cover glass.
The current density versus voltage (J-V) curve of the fabricated DSSCs were measured under AM 1.5 irradiation (100 mWcm -2 ) using Newport class AAA simulator (Oriel Sol3A-94023A)
at room temperature. The incident-photon-to-current conversion efficiency (IPCE) spectra was measured in DC mode (Newport, 350W Xenon lamp). Electrochemical impedance spectroscopy, charge extraction (CE) and intensity modulated photo-current spectroscopy (IMPS) measurements were carried out using electrochemical workstation (Autolab PGSTAT302N) with reference to reported methods. 1-6 The photo-current response was measured in warm-white LED, from 0.1 Hz to 10 kHz frequency range using a 10% DC light perturbation. 
